Ab initio determination of the electric field gradient (EFG) tensors at halogen and other centres enabled determination of the nuclear quadrupole coupling constants (NQCC) for a diverse set of axially symmetric (C 3l " CD^ and other symmetries) inorganic and organic molecules, where the heavy elements are Cl, Br, and I with C, Si, Ge, and Sn hydrides. The latter elements are in an approximately tetrahedral environment. The study presents results at a standardised level of calculation, triple-zeta in the valence space (TZV) plus polarisation functions (TZVP) for the equilibrium geometry stage; all-electron MP2 correlation is included in all these studies. f-Orbital exponents were optimised for both Br and I centres in the methanes; the atomic populations of the f-orbital components are very small for the Brand I-atoms, confirming their role as polarisation functions rather than having any bonding character. The EFG are determined at equilibrium with the TZVP basis set, except Sn and I centres where the basis set is TZV + MP2. For the bromo and iodo compounds, especially the latter, it is essential to allow for core polarisation, by decontraction of the p,d-functions. This is conveniently done by initial optimization of the structure with a partly contracted basis, followed by reestablishment of the equilibrium structure with the decontracted basis. A close correlation of the observed (microwave spectral) data with the calculations was observed, using the 'best' values for the atomic quadrupole moments for Cl, Br, and I; thus there seems no need to postulate that the value of ß Br for 79 Br and Br are in error. The SCF and MP2 wave-functions were converted into localised molecular orbitals by the Boys Method. This allowed a study of the differing s/p/d-hybridisation ratios, and the centroid positions, to be compared with the quadrupole coupling constants. The charge distributions for the atoms were converted into local bond dipoles, which in turn are correlated with the electronegativity differences of the bonded atoms.
Introduction and Background
Previously we have reported ab initio studies of a variety of organic and inorganic molecules, containing various quadrupolar nuclei, especially 14 N [1] , 10 ' n B [2] , 33 S [3] , and 17 0 [4] ; the present paper continues this survey to cover halogen quadrupole coupling, with particular reference to the stable isotopes of the halogens, chlorine, bromine and iodine. Both inorganic and organic molecules are reported, but in this paper we consider only axially symmetric molecules, i.e. those with one unique symmetry axis, such that the asymmetry parameter (ri) is zero. In the normal convention for quadrupole coupling constants, Xzz -Xyy -Xxx> the further identities with the inertial axis data are Xzz Reprint requests to Dr. M. H. Palmer; compounds, but because of the 3/2 and 5/2 nuclear spin, only the resonance frequencies (v) can be determined from polycrystalline samples; the asymmetry parameter (r\) requires the use of a single crystal or other techniques, [5] . As a typical example, the 35 C1 NQR frequency for methyl chloride at 77 K is 34.029 MHz, to be compared with 37.3767 MHz for the vapour by MW study at room temperature [6] [7] . The effect is both one of temperature, and lattice effects. Indeed, analysis of the NQR frequency and molar heat capacity against temperature lead to the value of -2.870(330) MHz as the crystalline contribution to the observed frequency at 0 K [8] .
Theoretical Studies
We have previously classified our studies into three types: (a) studies of individual molecules at equilibrium; (b) similar studies of small clusters of molecules, where a test molecule is surrounded by its nearest shell of neighbours from the crystal lattice; (c) lattice calculations where the calculation is carried out in the unit cells struc-0932-0784 / 98 / 395-0370 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72027 Tübingen ture of the crystal. The present work is concerned with method (a). Microwave spectroscopy (MW) for gaseous molecules leads to data directly comparable with the present results. The inertial axes are a result purely of the set of atomic masses, and are not connected with the equilibrium structure and its electronic wave-function except via the atomic numbers of the nuclei.
Our methods of study involve ab initio calculation of the electric field gradients (EFGs) (q {j ) at the centre of interest in the molecule, and conversion to the nuclear quadrupole coupling constants (NQCCs) (£"), by means of (1) and (2) . All total contributions are made up of sums of electronic and nuclear terms [9] , and the former of these is itself made up of sums from doubly occupied molecular orbits (MOs) (SCF calculations), i.e., the term for the orbital in question is multiplied by 2 electrons; in the case of the MP2 calculations, the orbital value is multiplied by the occupation number, and summed over all the Natural Orbitals (NOs) of the calculation. In (1) , the SCF or MP2 wave-function is denoted by y/ 0 .
Typical diagonal and off-diagonal EFG Operators:
q zz = (y/ 0 \Oz 2 -r 2 )/r*\y, 0 ), 0)
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NQCC and EFG:
= e 2 Q z q u /h = 234.96 Q z q ir (2) Although not central to this study, we note that in Mössbauer spectroscopy the Quadrupole Splitting (QS), in 119 Sn for example, which is relevant here, is given by (l/2)c 2 Qq above [10] . There have been a number of previous ab initio studies of halogen nuclear quadrupole coupling, as well as empirical studies which are summarised by Lücken [5] . Relevant more recent studies can be summarised as follows: semiempirical [11, 12] , ab initio, [13, 14] , pseudopotential studies on molecules (structures only) with H 3 MX where the central atoms include the series X = C, Si, Ge, Sn, and the halides are X = F, CI, Br, I [ 15] , and inorganic species such as bromine chloride [16] [17] [18] , None of these more recent individual studies have either the range or depth of the present investigation, but will be referred to when individual comparisons with experiment are made.
The Present Theoretical Study
The first stage is determination of the equilibrium structure and the corresponding inertial axis system, and comparison with experiment. In the present paper we do not discuss the equilibrium structures in great detail, but since all molecular properties such as NQCC are evaluated at the equilibrium structure, and total energies give a measure of the calculation overall quality relevant to previous work, we give a summary of the equilibrium structure geometric parameters and total energies in Tables 1 to 5. We are primarily concerned with the halogen atoms being connected to a tetravalent centre in the present study. The central atoms adjacent to the halogens are H, C and Si in most cases, but some simple Ge and Sn halides are also reported. While Sn has no quadrupolar stable isotopes, the ll9 '"Sn nucleus is commonly observed in Mössbauer spectroscopy. The simple germyl and stannyl halides give information to compare with experiment at the central atoms. Some studies of germyl chloride gave no 73 Ge isotope (7.8%) quadrupolar splitting [ 19, 20] 
Basis Sets
The Huzinaga/Dunning triple zeta valence (TZV) type [22] was extended by polarisation functions [23] ; some other larger elements were from our own bases, and are described more fully in [24, 25] , However, it was found that, while the bromine and iodine bases of Huzinaga [26, 27] with total functions 14s 1 lp5d(Br) contracted to s/p/d terms [611111111/611111/411], and 18sl4p8d(I) contracted to [3322212111/3332111/4211], respectively, led to very acceptable structural parameters, this was not true of the quadrupole coupling at 127 I in particular, with 79.8 ig r b e j n g on jy marginally acceptable. It was necessary to decontract the bromine p-functions further to [311111111] . The iodine basis above required the addition of further terms of each of s,p,d-type, the p-set becoming [321111111111] ; if this was not done, then HI had the dipole reversed from the expected direction. Finally, the f-orbital exponents for Br and I were optimised, by total energy lowering, for the bromo-and iodomethanes. The final f-orbital exponents were 2.75 (I) and 7.02 (Br) ; these values are discussed further below. The germanium basis set was similarly chosen by adaption of the above atomic data [27] to yield s/p/d terms [31111111111/2111111111/2111], Finally, the tin basis set, also derived from Huzinaga [27] , was (18s/14p/8d) decontracted from an initial [3322211211/33311111/ 311111] to [33111111112111/3111111111111/3111111] for the final EFG studies. For Sn, the Huzinaga atomic basis is unsatisfactory since two s-exponents are nearly identical (0.548 and 0.497), causing problems with linear dependence unless the former is taken in linear combination with another term, which was the course adopted here.
The derivation of basis sets for high atomic number atoms, where few bases exist, can be expedited by the little-used fact that atomic orbital exponents vary with the square of the atomic number (Z). Hence given the availability of large bases for smaller atoms, atomic bases for large atoms can be constructed by scaling the small atom bases by (Z/Z 7 ) 2 , to within 1 % of the energy optimized values. The d/f-orbital exponents may need to be selected by analogy with the corresponding s,p-bases in these circumstances. We have used this procedure to generate large bases for Ge, Sn and Pb from Si bases.
As a further check on the role of the f-orbitals in iodomethane, we performed a further optimisation of the structure at the MP2 level, with a Cartesian set of d-orbital functions at the C-I mid-point. The angular terms from a mid-bond d-orbital mimic an atom-centred f-orbital.
In summary, the equilibrium geometries were obtained with the semi-contracted sets shown above; the equilibrium geometries were then re-established with the full decontracted sets, and the wave-functions saved as NO. It was necessary to reoperate the optimization mode for the latter, since otherwise the NO are not stored by the programme. In principle, it is possible to perform the LMO calculations on the NO's by either performing the localisation followed by MP2, or the MP2 followed by LMO; in the present study the former process was performed, but in practice, the MP2 effects are relatively small, as is usual with saturated compounds, allowing the SCF and MP2 data to correlate closely. All of the calculations were performed with the GAMESS-UK quantum chemistry package [28, 29] ,
Atomic Quadrupole Moments
The present set of nuclei has nuclear spin / = 
Results and Discussion
The total energies for a range of hydrogen, alkyl, silyl, germyl and stannyl halides, using the bases described above, are given in Table 1 . Equilibrium structures are in Table 2 . The results obtained with the extended and diffuse bases for iodomethane are shown in Tables 3 and 4; these show the very large differences in MO contribution from the core and valence orbitals. The principal EFG results and a comparison with experimental data for these axially symmetric compounds is shown in Tables 5 and 6 ; these data include both organic and inorganic compounds. The extended basis sets for the core orbitals of bromo-and germyl-compounds (ext) were utilised. Similar extension of the bases for iodine and tin was done, but additional more diffuse valence type AO's were added to be Huzinaga bases noted as diffuse, having exponents in the range 0.25-0.03; these contrast with Rydberg functions which are one or more orders of magnitude smaller. The principal effect of these diffuse functions is to act like polarisation functions, but also to offer variational flexibility to the valence functions; thus a small shift of density moves from higher exponent functions to those further away from the nuclei. The effect of this is to modify the atomic populations slightly, and to slightly reduce the EFG at the centres in question. The charge distributions, as determined by Mulliken analyses of the wave-functions, are shown inTable 7, with the localised MO s,p,d-analyses of selected molecules shown in Table 8 , with the centroid positions in Tables 9 and 10 .
The f-Orbital Contributions in Iodo-Compounds
In the same way that Cartesian nature of the f-orbitals. Further, the atomic populations are very low; using the optimal f-orbital exponent on I in CH 3 I, the total f-orbital population is 0.0662 electrons spread over 10 GTOs in 31 MOs, with a largest value of 0.0086e. Similarly, in CH 3 Br the total and maximum values were 0.0155e and 0.0015e. Hence, given that the EFG is built up from the product of MO density terms and the intrinsic value for the MO (or NO), the f-orbitals must play a small, or even negligible role in these approximately tetrahedral molecules with singly bonded halogen, and will not materially effect the general conclusions. As a further check on the role of the f-orbitals in iodomethane, we performed a further optimisation of the structure at the MP2 level, with a Cartesian set of d-orbital functions at the C-I mid-point. The angular terms from a mid-bond d-orbital mimic an atom-centred f-orbital; the results are consistent with this and small in magnitude. The optimised d-exponent was 0.28, and at this value the corresponding d-atomic populations of the terms were: r -0.15096, x 2 -y 2 0.0351, z 2 -r 2 0.0182, xy = yz = 0.0036, xz 0.0097e, respectively. The r 2 term is merely replacing some of the s-orbital density, while all the other small values relate to those found with the Cartesian f-orbitals centred on the I atom. The effects are hence consistent but small in magnitude.
The present MP2 code in GAMESS-UK is limited to s,p,d-functions in the EFG evaluation module (a limitation shortly to be removed), but there is no reason to expect the f-orbital contributions to make a change to the conclusions here presented. Indeed, although in Table 1 , it is clear that addition of f-orbitals (denoted 'forbs') to I in HI and Mel have a significant energy lowering effect, there is little effect on the equilibrium geometry, and the energy lowering is mostly recovered by extending the s,p,d-basis with additional diffuse functions (denoted 'diff'). In the final correlations with experiment, we use the most expanded basis ('diff').
Equilibrium and Localised Orbital Structures
The general level of agreement between the present equilibrium structures and those determined by MW spectroscopy is very good. Values are quoted for the present work to the accuracy which is claimed from ex- With the halogeno-methanes and -silanes, the same general level of accuracy and trends in series occur as from the MW determinations; thus for bromotrifluoromethane, the experimental data, C-F 1.3265(23), C-Br 1.9234(31) Ä [36] are very similar to the present data. One small difference which is general, is the trend in angles HCX for CH 3 X: CI > Br > I; the present order is I > CI > Br, but the effects are small. In general, the bondlength differences for chloro to bromo to iodo, in the series C-X and Si-X are about 0.15 A in each case, in agreement with experiment. Since this is not central to the present subject, we do not persue this further.
The localised MO's (LMO) for the present set of molecules show the following characteristics: (a) for the hydrogen halides and dihalogens we obtain one cr-bond and three lone pair orbitals in an approximately tetrahedral arrangement, (b) For the dihalogens, the LMO's adopt an ethane-like arrangement with staggered lone pairs (LP X ). (c) In the methyl and silyl halides the same stag- gered electron-pair arrangements occur, while the trifluoro-methanes and -silanes have similar near tetrahedral XF bond LMO's, while the LP F on any F have lone-pairs facing the opposite pair of F-atoms.
EFG and Derived Quadrupole Coupling Constants in Relation to Experiment
Core Relaxation in the Iodo-and Bromo-Compounds
First we note the basis set effect for the Br and I halogens. The example shown is methyl iodide, where we show the contribution from each MO to the EFG. The molecules lies along the z-axis. Although the nuclear positions are C 3v , only C s symmetry is imposed on the wavefunction; this relates to the inability for the MP2 calculation to handle degenerate representations. Hence the MO's are a' + a" instead of a + e. The basis set is extended, TZVP + MP2, but excludes relativistic effects of course. The valence MO's show only small contributions to the EFG, except those three (sequence numbers 26,27 and 31, e + a) which contain large populations of lone pair character on iodine. However, all the valence MO's contribute much less to the EFG total electronic term than the 2p-5p MO's. The next comparison (Table 4) shows the valence shell contributions using both the smaller basis and the extended basis. Clearly the valence shell contribution, even from the lone-pair orbitals, is small relative to the core p-orbitals, a result to be expected owing to the latter being closer to the nuclei. The best experimental value is Xzz -1934.13022(39) MHz [37] .
Although we dont consider further examples here, the Sn EFG requires similar treatment to I, while all of this section also applied to Br and Ge centres, but to a lesser extent. Hence, it is not surprising that by decontraction of the core AO's, there is a marked enhancement of EFG recovery even though the effect is small in each MO. One effect of this is to make it essential to operate with highly decontracted functions whenever electronic properties close to the nucleus are required. In the present paper we only consider results from these largest bases. With the increasing use of direct SCF and MP2 methods, especially on parallel processors, we are moving into the time when completely decontracted AO basis sets will become common. 
Overall Correlation between Theory and Experiment
In Fig. 1 we give the overall correlation of 35 C1, 79 Br, and 127 I data for axially symmetric molecules, basically C 3v and C oov structures. Only the 35 C1 and 79 Br isotopic data are shown in Table 6 , and the experimental data are shown to the accuracy claimed by the original authors. The data establish a 60 point correlation line. The Calculated (jt-axis) versus Observed NQCCs (y-axis) in Fig. 1 show a correlation coefficient of 0.9999, and the slope in 0.9368, with standard error in slope o 0.0021; the intercept is 0.3000 with standard error of 2.3420, so the correlation line is statistically through the origin. These data were all obtained using the values for the atomic quadrupole moments (Q z ) discussed above. Since the chloro, bromo and iodo compounds all lie on the same line, there seems no reason to question the relative values of the three halogen constants; this suggests that the problems over the scaling of the data in some previous studies arise from other factors. In short, there seems no reason to adopt a value 10% lower for Q 79 Br [18] ; indeed, if this were done the bromo-compound data would differ from the correlation line shown by a significant amount. The germyl halides offer a further comparison with experimental data at both the halogen and Ge centre in some cases (above). The halogen NQCC's are in line with the other cases studied with smaller quadrivalent central atoms. The 73 Ge data in the fluoro-and chloro-germanes are very similar, in both the calculated EFG data and the MW experiments. Although there have been 119 ™Sn halide data for the Sn centre for many years, [66, 11 ] most of the cases are highly substituted, and no real comparison with the present limited data is possible. Clearly the general level of agreement between experiment and the present level of theoretical study is very acceptable. Even the weakly bound halogen pentafluorides XF 5 (X = Cl, I) give acceptable values. Hence, overall, this enables us to use the experimental and theoretical data in a fairly interchangeable way when gross trends are being discussed. 
The Methyl and Silyl NQCC in Relation to Molecular Structure
As noted above, one type of substitution which leads to unexpected results is replacement of H 3 by F 3 in MX 3 C1 (M = C, Si) and related compounds. The present results for this pair of compounds agree with experiment, that the fluoro-compound has a slightly higher (negative) NQCC at 35 C1. The two silyl compounds are effectively identical, as observed experimentally. The Table of LMO populations clearly shows the comparison and reason for the similarities; thus for the chloromethane and chlorotrifluoromethane cases, the sp" hybridisation ratios (n) for the C-Cl bonds are 4.301 and 4.178, and the lone pair (LP) chlorine values for the sp" ratios on CI are 2.433 and 2.495, respectively. Thus, within each of the pairs of LMO's, the hydrogen and fluoro compounds are similar. The same effect occurs in the silyl compounds. Comparison of methyl with silyl chlorides, however, leads to sp" ratios with n for the lone pair orbitals (C then Si) 2.495 and 2.538, while the C-Cl and Si-Cl bond contributions are 4.301 and 4.220, respectively; hence no difference is observed with these criteria. The reason does not lie with either the differences in the nuclear terms or with differences in polarisation of the core 2p cl orbitals. A comparison of the valence shell occupied MO's (1 a j + 2e) shows that for each of the delocalised 1 a x MO, the EFG z-axis contribution to the total EFG is +0.5 a.u. higher for the silyl-than the chloro-compounds; similarly, the le contributions differ by the remainder, leading to the observed 1 a.u. difference. There are associated small but distinct differences between the centroid positions of the LMO's on the halogens in the two series. Thus the LP C1 are closer to CI in the silyl than methyl compounds, implying more ionic character (born out by the Mulliken populations). Further, the group of centroid positions shown for the bond-LMO's in Table 10 , show a clear correlation between the NQCC and the centroid position. As the bond-LMO centroid moves away from the Cl-atom, the NQCC shows a negative trend in magnitude. Soc. 105, 492, (1983) .
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Overall Generalisations with Respect to Structure
If we plot the 35 C1 NQCC (in MHz) for a series of simple alkyl, silyl and other compounds against Taft a-or (T + -constants, the data (Figs. 2 and 3 ) do not produce any correlation at all; similarly, the Swain and Lupton [67] , [68, 69] set of substituent Field Effect data lead to a very poor correlation for the few compounds where the relevant F(R) constants are available (Figure 4) . If a set of simple molecules with widely differing bond lengths is plotted against 35 C1 NQCC, there is again no correlation (Fig. 5) ; such a procedure was successfully used to predict the 35 C1 NQCC for the chlorine molecule [70] , The principal difficulty with Fig. 6 that CX 3 and SiX 3 molecules (X = H, F) have almost the same NQCC, but significantly different bond lengths, and this is generally true for members of these series. Thus if we extract the series FC1, Cl 2 , BrCl, and IC1, then a clearly linear relation re-emerges ( Figure 6 ). This is the basis for the evaluation of the 35 C1 NQCC for Cl 2 [70] , where only diatomics are involved, in a set of specific linear correlations X-Cl, X-Br and X-I, NQCC versus bond length, and X is halogen. essential to generate this eminently reasonable set of bond dipoles; if the Huzinaga basis is used in its originally formulated manner, the I atom becomes much more electropositive, and indeed the dipole in HI changes direction to H^-I 5^. The reason is not lack of f-polarisation functions on I (or more generally for Sn as well), since when these are present the f-orbital populations are very small (and overall negative in nature). Various estimates of the electronegativity of the elements, such as the Mulliken scale, suggest that 1(2.65) is more electronegative than H(2.1) (Fig. 7) , and this of course leads to the normal dipole moment direction, as obtained with the 'diffuse' set here (Figure 8 ).
Mulliken Atomic Populations at Equilibrium Structure
These bond dipoles, which are essentially local dipole moments relative to the free atoms, but as such do not contain any contribution from the lone pair electrons, can be obtained more generally in polyatomic molecules [71 ] , and are related to the bond 'ionicity' introduced in the interpretation of NQCC's for diatomic molecules [72] , In Fig. 9 , we show the bond dipoles for the X-Halogen bonds for all the set of molecules studied here, namely the HX, XY, and H 3 M-X set, where X,Y are halogens and M is C, Si, Ge, and Sn. Since the H 3 group must have some effect on the effective electronegativity of the attached M atom, the present data are very satisfactory; the linear regression correlation coefficient (22 sets of data) is 0.925, slope of correlation 0.217 (standard dev. 0.020), which is little changed by limitation to the diatomics only. Such a general correlation of ionic character in diatomics (XY) and electronegativity difference for X and Y has previously been established, but the data were based on Townes-Dailey analysis of the experimental NQCC, rather than entirely theoretical data [72],
Conclusions
The present study, with extended basis sets for both core and valence space, including MP2 correlation, leads to natural orbital wave-functions which give very good EFG-PA values in these compounds of axial symmetry. Since the equilibrium structures of the molecules described are very close to the spectroscopic ones, this means the centres of mass lie in similar positions relative to experiment.
We believe that the present results lie close to the s,p,dlimit for basis sets at the MP2 level. The present data strongly suggest that for singly bonded halogens, CI, Br, and I, the contribution of f-orbital bonding is very small, and the absence of such functions from the EFG calculations is unimportant in the correlation with experiment. Even should this be shown to be incorrect, the strong correlation of data from CI, Br, and I series would require the f-orbital contributions to be approximately equal and opposite to the relativistic contribution, which we are currently unable to calculate. Certainly the test cases where we have included f-orbitals at the equilibrium structure stage, show very small f-orbital contributions (less than O.le in total) at the MP2 level.
In the light of the single correlation line found for 35 C1, 79 Br, and 127 I, we feel the ratios of the atomic quadrupole moments for these isotopes are correct. The only way this conclusion could be modified, would be for relativistic effects to scale the EFG-PA values in one direction with corresponding scaling of the atomic quadrupole moments in the other. This seems an improbable situation. Whilst the values for x Z z diverse compounds can be related to various types of physical-organic parameters, such as cr-constants in closely related groups of compounds, and similarly with other parameters such as <7 + and the (Swain-Lupton) F/R parameters, these do not exist in widely differing types of compounds. Similarly, in the hydrogen halides and interhalogens, the correlations between the Xzz bond length are sufficiently satisfactory, to allow the estimation of the 35 C1 quadrupole coupling in the chlorine molecule with sime confidence, but the correlation collapses when the bonding types are changed. For X-Y types of molecule, where X, Y are halogens, the bonding is basically as in ethane, with staggered lone-pairs; in organic molecules, the geometric arrangement of bonding pairs is similar, but the more extensive bonding range defeats the correlation. One reason is that the differing substituent effects of (say) H replacement by F in MX 3 -halogen, changes the effective electronegativity of M, but does not change the bonding distance M-halogen by the same amount.
In contrast, the LMO atomic compositions showing varying levels of sp" hybrid orbital at each end of the A-B bond LMO, are helpful in giving more quantitative data. Thus the primary effect on the EFG-PA values is the nature of the atoms directly bonded, and hence the long-known correlation of NQCC with electronegativity differences, and especially to the detailed ratos of the sp" character which this entails. The small differences arising from cr-constants etc. then act as perturbations on top of these effects. The direct correlation of (r) with Xzz shows that the electronegativity difference, by allowing movement of the bond LMO along the axis by differing amounts in a series of compounds, makes the halogen more or less atomic in character, as shown alternatively by the Mulliken populations. The electronegativity effect on the halogen lone pair positions evaluated by <r), is smaller but with similar effect. However, in the latter case, the spatial direction of the LP from the bond axis, makes the comparison more complex, owing ot the large off-diagonal EFG elements for the LP-LMO's. In the comparison of alkyl and silyl halides, the differences cannot be ascribed to d-orbital participation in any meaningful way. The principal differences arise from the changes in the bond LMO composition.
Note Added in Proof:
Since this Paper was submitted, we have confirmed via a series of examples, that the effect of f-orbitals on iodine has a negligible effect upon the calculated EFG, and hence upon the calculated NQCC; to date these new results only refer to SCF rather than MP2 calculations, but we have shown that the SCF and MP2 results are very similar with these large bases. Typical examples are 
